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(57) ABSTRACT

A multilayer flexible substrate includes a first structural layer
including at least one resin sheet including an insulating layer,
a wiring conductor provided on a principal surface of the
insulating layer, and filled vias disposed in the insulating
layer; and a second structural layer provided on a principal
surface of a portion of the first structural layer and including
at least one resin sheet including an insulating layer, a wiring
conductor provided on a principal surface of the insulating
layer, and a filled via provided in the insulating layer. The
multilayer flexible substrate includes rigid regions and a flex-
ible region that is more flexible than the rigid regions. In the
multilayer flexible substrate, the filled via disposed in the
flexible region has a higher porosity than the filled via dis-
posed in the second structural layer.

19 Claims, 2 Drawing Sheets
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1
MULTILAYER FLEXIBLE SUBSTRATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a multilayer flexible sub-
strate including two types of different regions: a rigid region
and a flexible region that is more flexible than the rigid region.

2. Description of the Related Art

Increasingly downsized electronic devices, such as note-
book personal computers and cellular phones, are requiring
thin, flexible mounting boards to optimize limited mounting
spaces. Such a mounting board is disclosed in, for example,
Japanese Unexamined Patent Application Publication No.
2000-183526. With reference to FIG. 3, a multilayer wiring
board 100 disclosed in Japanese Unexamined Patent Appli-
cation Publication No. 2000-183526 includes a laminate 103
including insulating substrates 101 and wires 102 alternately
stacked, through-holes 104 disposed in the insulating sub-
strates 101, and filled vias formed by filling the through-holes
104 with a conductor 105. The wires 102 are electrically
connected to each other through the filled vias. The laminate
103 includes a bending portion 106 formed by partially
reducing the thickness of the laminate 103.

The multilayer wiring board 100 includes a structure
including rigid portions located at both ends of the multilayer
wiring board 100 and the bending portion 106, which con-
nects these two portions and is flexible. In this structure, the
rigid portions are referred to as “rigid regions™ and the bend-
ing portion 106, which connects the two rigid portions, is
referred to as a “flexible region”. A substrate having such a
structure is referred to as a “multilayer flexible substrate”. A
multilayer flexible substrate is a type of circuit board.

When manufacturing such a multilayer flexible substrate,
wires have been connected to each other through the same
filled vias disposed in rigid regions and a flexible region.
However, when the filled vias are disposed in the flexible
region, there is a problem in that flexibility sufficient to bend
the multilayer flexible substrate is not achieved because the
filled vias reduce the flexibility of the flexible region.

SUMMARY OF THE INVENTION

Accordingly, preferred embodiments of the present inven-
tion provide a multilayer flexible substrate capable of achiev-
ing flexibility that is sufficient to be bent even though a filled
via is disposed in a flexible region.

A multilayer flexible substrate according to a preferred
embodiment of the present invention includes a first structural
layer including at least one resin sheet including an insulating
layer, a wiring conductor provided on a principal surface of
the insulating layer, and a filled via provided in the insulating
layer and also includes a second structural layer which is
provided on a principal surface of a portion of the first struc-
tural layer and which includes at least one resin sheet includ-
ing an insulating layer, a wiring conductor provided on a
principal surface of the insulating layer, and a filled via dis-
posed in the insulating layer. The multilayer flexible substrate
includes a rigid region including a portion of the first struc-
tural layer and the second structural layer and a flexible region
that is more flexible than the rigid region. The filled via
disposed in the flexible region has a higher porosity than the
filled via disposed in the second structural layer.

In this case, the filled vias, which are disposed in the resin
sheets and are hardest, include fine voids. Thus, the density of
the filled vias is low and the entire flexible region is relatively
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flexible. Therefore, flexibility sufficient to bend the multi-
layer flexible substrate is achieved.

The filled via disposed in the first structural layer prefer-
ably has a higher porosity than the filled via disposed in the
second structural layer. In this case, the type of the filled vias
is determined depending on the structural layers and, there-
fore, the resin sheets are easily provided.

The filled via disposed in the first structural layer and the
filled via disposed in the second structural layer are prefer-
ably filled with the same or substantially the same alloy. In
this case, the porosity of each calcined filled via can be varied
by varying the content of organic substances included in a
metal paste of the uncalcined filled via. Thus, the porosity is
easily adjusted.

According to various preferred embodiments of the present
invention, a filled via which is disposed in a resin sheet and
which is hardest includes fine voids. Thus, the density of the
filled via is low and the entire flexible region is relatively
flexible. Therefore, flexibility sufficient to bend a multilayer
flexible substrate is achieved.

The above and other elements, features, steps, characteris-
tics and advantages of the present invention will become more
apparent from the following detailed description of the pre-
ferred embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic sectional view of a multilayer flexible
substrate according to a first preferred embodiment of the
present invention.

FIG. 2 is a schematic sectional view of a multilayer flexible
substrate according to a second preferred embodiment of the
present invention.

FIG. 3 is a schematic sectional view of a multilayer flexible
substrate according to a conventional technique.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Multilayer flexible substrates according to preferred
embodiments of the present invention will be described below
with reference to the drawings.

First Preferred Embodiment

FIG. 1 is a schematic sectional view of a multilayer flexible
substrate 10 according to a first preferred embodiment of the
present invention. In this specification, sectional views are
schematic for better understanding.

The multilayer flexible substrate 10 according to the first
preferred embodiment includes a first structural layer 11 and
second structural layers 12. The multilayer flexible substrate
10 includes rigid regions A and a flexible region B that is more
flexible than the rigid regions A.

The first structural layer 11 preferably includes three resin
sheets 3 that are sequentially stacked. The resin sheets 3 each
include an insulating layer 1, a wiring conductor 2 provided
on a principal surface of the insulating layer 1, and filled vias
5 and 6 which are disposed in the insulating layer 1 and which
electrically connect the wiring conductor 2 to a wiring con-
ductor 2 provided on another sheet.

The insulating layer 1 is a thin plate and is flexible. The
insulating layer 1 is preferably made of, for example, a liquid
crystal polymer (LCP).

The wiring conductor 2 is provided on a principal surface
of the insulating layer 1 and is preferably made of, for
example, copper.



US 9,253,881 B2

3

The filled vias 5 and 6 are disposed in the insulating layer
1 and are preferably filled with, for example, a Sn—Cu—Ni
alloy.

The second structural layers 12 each include resin sheets 4
stacked on a portion of a principal surface of the first struc-
tural layer 11. In particular, three of the resin sheets 4 are
preferably stacked on each of two end portions of both prin-
cipal surfaces of the first structural layer 11. The resin sheets
4 each include an insulating layer 1, a wiring conductor 2
provided on a principal surface of the insulating layer 1, and
a filled via 5 which is disposed in the insulating layer 1 and
which electrically connects the wiring conductor 2 to a wiring
conductor 2 provided on another sheet.

The multilayer flexible substrate 10 is tabular. The resin
sheets 3 and 4 define the rigid regions A and the flexible
region B depending on the number of the stacked resin sheets
3 and 4. The multilayer flexible substrate 10 preferably
includes the two rigid regions A and one the flexible region B,
which is located between the two rigid regions A.

The rigid regions A are portions that include the first struc-
tural layer 11 and the second structural layers 12 that are
stacked on one another. The flexible region B is a portion that
includes a portion of the first structural layer 11 other than the
portions in the rigid regions A.

The rigid regions A and the flexible region B include the
insulating layers 1, which are preferably made of the same
material, such as the liquid crystal polymer (LCP), and are
stacked on one another. The number of insulating layers 1
stacked in each rigid region A is greater than the number of
insulating layers 1 stacked in the flexible region B.

The multilayer flexible substrate 10 varies in strength
depending on the number of stacked layers and, therefore, the
flexible region B is more flexible than the rigid regions A. Not
only the flexible region B but also the rigid regions A are
flexible to a significant extent.

Two types of filled vias 5 and 6 are provided in the multi-
layer flexible substrate 10. The filled vias 6 provided in the
flexible region B have a higher porosity than the filled vias 5
provided in the second structural layers 12. The porosity is
herein defined as the area fraction of pores. The pore area
fraction is determined such that a laminate is mirror-polished
in parallel to a principal surface thereof until a region having
pores is exposed, a polished cross-section is examined with a
scanning electron microscope (SEM), and the area of pores
per unit area in a sintered ceramic is measured.

In particular, in the first structural layer 11, the filled vias 5
having the same porosity as that of the filled vias 5 disposed
in the second structural layers 12 are provided in portions of
the insulating layers 1 in each rigid region A and the filled vias
6 which have a higher porosity than the filled vias 5 are
provided in a portion of the insulating layers 1 in the flexible
region B.

A non-limiting example of a method of varying the poros-
ity of filled vias according to a preferred embodiment of the
present invention is described below.

The filled vias 5 and 6 are formed such that via-holes are
formed in the insulating layers 1 and metal pastes are filled
into the via-holes and then heat-treated. Therefore, when the
multilayer flexible substrate 10 is formed, the type of metal
paste filled into the via-holes in portions of the insulating
layers 1 defining the rigid regions A and the type of the metal
paste filled into the via-holes formed in the portion of the
insulating layers 1 defining the flexible region B are changed.

The metal paste filled into the via-holes formed in the
portions of the insulating layers 1 defining the rigid regions A
preferably primarily includes, for example, Sn/Cu and is pre-
pared such that Sn/Cu is mixed with a conductive adhesive
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such as an epoxy adhesive and an organic solvent such as
terpineol, for example. The metal paste is preferably prepared
such that Sn with an average particle size of, for example,
about 5 pm and Cu with an average particle size of, for
example, about 5 um are mixed together and the content of
organic substances (the adhesive and the organic solvent)
included in the metal paste is adjusted to, for example, about
10% by weight.

The metal paste filled into the via-holes formed in the
portion of the insulating layers 1 defining the flexible region
B preferably primarily includes, for example, Sn/Cu and is
prepared such that Sn/Cu is mixed with a conductive adhesive
such as an epoxy adhesive and an organic solvent such as
terpineol. However, the content of organic substances
included in the metal paste is different and is preferably, for
example, about 20% by weight.

The content of the organic substances included in the metal
paste filled into the via-holes formed in the portions of the
insulating layers 1 defining the flexible region B may prefer-
ably be any value in a range of about 10% by weight to about
50% by weight, for example.

A plurality of the resin sheets 3 or 4 filled with these metal
pastes are hot-pressed under the following conditions: for
example, about 280° C. and about 4.0 MPa. This results in the
insulating layers 1 being bonded to each other; Sn and Cu,
which are metal components of these metal pastes, being
alloyed into the filled vias, which are alloyed with a metal
used in the wiring conductors; the organic substances con-
tained in each metal paste being vaporized by heat; and there-
fore voids being formed at sites at which the organic sub-
stances are included.

As the amount of voids increases, the density of the filled
vias decreases such that the entire flexible region B is more
flexible. Thus, flexibility sufficient to bend the multilayer
flexible substrate 10 is achieved.

The porosity of the filled vias may be varied by varying not
only the content of the organic substances included in the
metal paste, but also by changing a printing process. For
example, a method may be used in which ordinary printing is
used for sites at which the porosity needs to be high and
vacuum printing is used for sites at which the porosity needs
to be low.

In the present preferred embodiment, the filled vias pro-
vided in the first and second structural layers are preferably
filled with the same or substantially the same alloy. This
configuration allows the porosity of the filled vias to be varied
by varying the content of the organic substances included in
the metal paste used to form the uncalcined filled vias. Thus,
the porosity can be easily adjusted.

In the present preferred embodiment, a plurality of the
insulating layers, which define the first and second structural
layers, are preferably all flexible. This configuration enables
the rigid regions and the flexible region to be formed by
stacking the same insulating layers on one another.

Second Preferred Embodiment

FIG. 2 is a schematic sectional view of a multilayer flexible
substrate 20 according to a second preferred embodiment of
the present invention.

The multilayer flexible substrate 20 according to the sec-
ond preferred embodiment includes filled vias 26 having a
higher porosity than filled vias 25 provided in second struc-
tural layers 32 provided in all of insulating layers 21 defining
a first structural layer 31. This configuration enables the den-
sity of the filled vias to be relatively low and the entire flexible
region to be flexible. Therefore, flexibility sufficient to bend
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the multilayer flexible substrate is achieved. Furthermore, the
type of the filled vias is determined depending on the struc-
tural layers and, therefore, resin sheets are easily provided.

A multilayer flexible substrate according to the present
invention is not limited to the preferred embodiments
described above and may be variously modified within the
scope thereof.

In the above-described preferred embodiments, the insu-
lating layers are preferably made of, for example, the liquid
crystal polymer (LCP), but are not limited thereto. The insu-
lating layers may alternatively be made of an insulator, that is,
for example, a thermoplastic resin such as polyimide, PEEK,
or PPS or a thermosetting resin.

In the above-described preferred embodiments, the wiring
conductors are preferably made of Cu, but are not limited
thereto. For example, a metal such as Ag, Al, Ni, Au, or SUS,
an alloy of these metals, or other suitable material may be
used.

In the above-described preferred embodiments, the filled
vias are preferably filled with the Sn/Cu alloy, but are not
limited thereto. The filled vias may be filled with, for
example, a Sn/Au alloy, a Sn/Ag/Cu alloy, or other suitable
alloy.

In the above-described preferred embodiments, all the
insulating layers are preferably flexible. However, some or all
of the second structural layers may include a non-flexible
insulating layer.

While preferred embodiments of the present invention
have been described above, it is to be understood that varia-
tions and modifications will be apparent to those skilled in the
art without departing from the scope and spirit of the present
invention. The scope of the present invention, therefore, is to
be determined solely by the following claims.

What is claimed is:

1. A multilayer flexible substrate comprising: a first struc-
tural layer including at least one resin sheet including a first
insulating layer, a first wiring conductor provided on a prin-
cipal surface of the first insulating layer, and first filled vias
provided in the first insulating layer; and a second structural
layer which is provided on a portion of a principal surface of
the first structural layer and which includes at least one resin
sheet including a second insulating layer, a second wiring
conductor provided on a principal surface of the second insu-
lating layer, and a second filled via disposed in the second
insulating layer; wherein the multilayer flexible substrate
includes a rigid region including a portion of the first struc-
tural layer and the second structural layer and a flexible region
that is more flexible than the rigid region and including
another portion of the first structural layer; the first filled vias
are provided in the rigid region and in the flexible region; the
first filled vias provided in the flexible region have a higher
porosity than the second filled via provided in the second
structural layer.

2. The multilayer flexible substrate according to claim 1,
wherein all of the first filled vias provided in the first struc-
tural layer have a higher porosity than the second filled via
provided in the second structural layer.

3. The multilayer flexible substrate according to claim 1,
wherein the first filled vias provided in the first structural
layer and the second filled via provided in the second struc-
tural layer are filled with a same alloy.

10

15

20

25

30

35

40

45

50

55

60

6

4. The multilayer flexible substrate according to claim 1,
wherein the first filled vias provided in the flexible region of
the first structural layer have a higher porosity than the first
filled vias provided in the rigid region of the first structural
layer.

5. The multilayer flexible substrate according to claim 1,
wherein the first structural layer includes three resin sheets
that are stacked on one another.

6. The multilayer flexible substrate according to claim 1,
wherein the first insulating layer is made of liquid crystal
polymer.

7. The multilayer flexible substrate according to claim 1,
wherein the first wiring conductor is made of copper.

8. The multilayer flexible substrate according to claim 1,
wherein the first filled vias are filled with a Sn—Cu—Ni
alloy.

9. The multilayer flexible substrate according to claim 1,
wherein the second filled via is filled with a Sn—Cu—Ni
alloy.

10. The multilayer flexible substrate according to claim 1,
wherein the first filled vias and the second filled via are filled
with a Sn—Cu—Ni alloy.

11. The multilayer flexible substrate according to claim 1,
further comprising:

an additional rigid region; wherein

the rigid region and the additional rigid region are spaced

apart from one another with the flexible region disposed
therebetween.
12. The multilayer flexible substrate according to claim 11,
further comprising:
at least one additional second structural layers; wherein
at least one of the second structural layers and the at least
one additional second structural layer is provided in one
of the rigid regions and the additional rigid region; and

at least another one of the second structural layer and the at
least one additional second structural layer is provided
in the other of the rigid regions and the additional rigid
region.

13. The multilayer flexible substrate according to claim 12,
each of the second structural layer and the at least one addi-
tional second structural layer includes the second insulating
layer and two additional second insulating layers that are
stacked on one another.

14. The multilayer flexible substrate according to claim 1,
wherein the second insulating layer is made of liquid crystal
polymer.

15. The multilayer flexible substrate according to claim 1,
wherein the second wiring conductor is made of copper.

16. The multilayer flexible substrate according to claim 1,
wherein the first insulating layer is made of one of a thermo-
plastic resin and a thermosetting resin.

17. The multilayer flexible substrate according to claim 1,
wherein the first wiring conductor is made of one of Ag, Al,
Ni, Au, and SUS, or an alloy thereof.

18. The multilayer flexible substrate according to claim 1,
wherein the second insulating layer is made of one of a
thermoplastic resin and a thermosetting resin.

19. The multilayer flexible substrate according to claim 1,
wherein the second wiring conductor is made of one of Ag,
Al Ni, Au, and SUS, or an alloy thereof.
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